The present study was designed to investigate the relationship between smoking and antioxidant nutrient intake and status. Smoker (n 44) and non-smoker (n 44) male students attending Dhaka University, aged between 22 and 28 years and Living in a University Hall of Residence, were selected for the present study. Mean age, body weight, BMI and blood pressure were similar for both the smokers and non-smokers. Mean energy, protein and fat intakes were similar for both groups. Smokers had lower intakes of dietary vitamin C, carotenes and Zn but only the difference in Zn intake was statistically significant. There was no significant difference between smokers and non-smokers for either serum vitamin A (retinol) or vitamin E (a-tocopherol) level. The plasma vitamin C level of smokers was significantly lower than that of non-smokers (P = 0.0004). Smokers had significantly lower serum Cu (P = 0.04) and higher serum Zn levels (P = 0.003). Further, a significant do,sc+response relationship between smoking and vitamin C status was observed. Linear-regression analysis showed a significantly positive correlation between dietary intake and plasma vitamin C values in non-smokers (r 0.50; P = 0.0005). On the contrary, no such association was observed in smokers. These findings suggest that smoking may cause an imbalance in antioxidant nutrient intake and status.
Smoking has now been described as one of the major preventable causes of mortality and it accounts for more than one-third of all deaths in middle age in the UK (Secretary of State for Health, 1991) . A large number of epidemiological studies have shown strong association between cigarette smoking and several diseases (Kannel, 1981 ; Libow & Schlant, 1982; Shaper et al. 1985; Holbrook, 1987) .
A number of studies have investigated the relationship between smoking and serum or plasma levels of antioxidant vitamins (Keith et al. 1980; Davis et al. 1983; Stryker et al. 1988; Bridges et al. 1990; Gregory et al. 1990; Herbeth et al. 1990; Bolton-Smith et al. 1991) . However, the findings were not always consistent. Some studies have shown lower serum levels of p-carotene and vitamin A (Bridges et al. 1990) , vitamin E (Gregory et al. 1990; Bolton-Smith et al. 1991 ) and vitamin C (Kallner et al. 1981; Smith & Hodges, 1987; Schectman et al. 1989 ) in smokers. Many other studies did not show any difference in serum retinol or in serum total vitamin A (Stryker et al. 1988; Bolton-Smith et al. 1991) and serum a-tocopherol levels (Keith et al. 1980 ) between smokers and non-smokers.
Studies in Western countries have indicated a different dietary pattern in smokers (Thompson et al. 1992) , which may be one of several reasons for altered blood levels of the nutrients. Food habits and cultural and social environments of Asian people are different from those of Western people. It is not known how much influence these factors exert to change the dietary pattern of smokers observed in Western countries. The present study was designed to examine the relationship between smoking and dietary pattern in this different situation and also to investigate nutrient intake and status of the smokers.
* For reprints.
M D OMAR F A R U Q U E A N D OTHERS METHODS A N D MATERIALS
The subjects were selected by advertisement at a Dhaka University male students' Hall of Residence. The volunteers who smoked six or more cigarettes per d were considered smokers, and volunteers who never smoked were controls. Volunteers who took medication and multivitamin supplementation, or suffered from any chronic disease, were excluded from the study. All the smokers and the first forty-four of the non-smokers who met the selection criteria were included in the study. The subjects were residents of the Hall and aged between 22 and 28 years. Equal numbers of smokers and non-smokers were asked to report on a prearranged day. Body weight, height and general health information including blood pressure were recorded. Dietary information provided by the subjects was recorded using a 7 d food-frequency and amount questionnaire. Nutrient intakes were calculated using standard portion sizes (weights of portion sizes were taken from the canteen or mess of the Hall of Residence) and food-value tables (Institute of Nutrition and Food Science, 1992) . Venous blood (5 ml) was withdrawn from the subject's arm. A 2-0 ml portion was taken in a heparinized test-tube and centrifuged immediately for collection of plasma. An appropriate portion of the plasma was immediately mixed with trichloroacetic acid solution (50 g/l) for estimation of vitamin C. Following centrifugation, the supernatant fraction was separated and assayed on the same day. The rest of the blood sample was taken in an acid-washed glass centrifuge-tube and it was allowed to clot at room temperature for approximately 2 h. After centrifugation, serum samples were frozen and stored at -20" until further analysis. For Zn and Cu analyses, serum samples were stored at -20" in separate ion-free vials. The total serum protein and cholesterol were determined by Biuret and enzymiccolorimetric (cholesterol oxidase (EC 1 . 1 .3.6kperoxidase (EC 1 . I 1 . 1 .7)-aminophenazone) methods respectively using commercial kits (Boehringer Mannheim Diagnostic, Germany). Serum Zn and Cu concentrations were determined by atomic absorption spectrophotometry (Pye-Unicam SP9) according to Milner & Whiteside (198 1) . Plasma vitamin C was measured by the dinitrophenylhydrazine method according to Lowry et ul. (1945) . The CV was determined using ten replicates from a pooled sample and the value was 4.0 YO. Recovery of added vitamin C was 903 %.
Serum retinol (vitamin A) and serum a-tocopherol (vitamin E) concentrations were determined simultaneously by HPLC according to Bieri et al. (1979) . In brief, serum vitamins A and E were extracted with hexane after deproteinization with absolute ethanol containing retinyl acetate and a-tocopherol acetate (Sigma Chemical Co., St Louis, MO, USA) as internal standards for vitamins A and E respectively. Retinol and a-tocopherol were separated by HPLC (model PU 4010; we-Unicam) on a reversed-phase C,, column (Spherisorb 5 pm octadecylsilyl, Pye-Unicam) using methanol-water (97.5 : 2.5, v/v) as the mobile phase. Elution was detected spectrophotometrically (model PU 4020 ; Pye-Unicam) and ABBInm was recorded on a single-pen recorder (model PM 8251; Pye-Unicam). CV values of ten replicates from a pooled serum sample for retinol and a-tocopherol were 2.3 and 3.3 YO respectively.
The normality of the distributions of the data was assessed using the KolmogorovSmirnov goodness-of-fit test. Differences between smokers and non-smokers for dietary pattern were assessed using the unpaired t test. One-way analysis of variance was used to assess nutrient intake and status. Linear-regression analysis was performed to assess the association between vitamin C intake and plasma levels by smoking groups. Data were analysed using Statistical Package for Social Sciences (1990) . 
S M O K I N G A N D A N T I O X I D A N T N U T R I E N T S

R E S U L T S
Mean age and BMI of smokers were 24.7 (SE 0.2) years and 19.7 (SE 0 3 ) kg/m2 respectively and for the non-smokers were 24-8 (SE 02) years and 20.0 (SE 0.4) kg/ma respectively. Differences between the groups were not statistically significant. The mean values for systolic blood pressure of smokers and non-smokers were 11 5.0 (SE 1.1) and 112.5 (SE 1.5) mmHg respectively, and those for the diastolic blood pressure were 73.0 (SE 1.2) and 72.1 (SE 1.2) mmHg respectively. The values were not sigdicantly different. Unpaired t tests were carried out to examine differences in consumption of selected food items by the two groups. The results are presented in Table 1 . There were no significant differences in consumption of meat, fish, eggs, leafy vegetables and fruits by smokers and non-smokers. Smokers were found to consume significantly higher amounts of beverages (tea) compared with the non-smokers (P = 00005). Table 2 shows the nutrient intake and serum or plasma levels of both smokers and nonsmokers. There were no significant differences in energy, protein, fat, carotene and retinol intakes. Vitamin C intake by the smokers was found to be lower than that of the nonsmokers; the difference was not statistically significant (P = 0.19). The Zn intake of the smokers was significantly lower than that of non-smokers (P = 0.04). Serum total protein, cholesterol, retinol (vitamin A) and a-tocopherol (vitamin E) levels were not significantly different between the groups. Plasma vitamin C level of smokers was significantly lower than that of non-smokers ( P = 0.0004). Smokers had significantly higher serum Zn (P = 0.003) and lower serum Cu levels (P = 004).
The antioxidant nutrients whose intakes and/or serum levels in the smokers were different from those in the non-smokers were further analysed for dose-response relationship with smoking habit. The smokers were divided into two groups: mild smokers (those who smoked up to nine cigarettes per d) and heavy smokers (those who smoked ten or more cigarettes per d). The data are presented in Table 3 . There was no significant difference in vitamin C intake between the various smoking groups. Further, no significant difference was observed in Zn intakes for heavy and mild smokers (P = 0.13). Plasma vitamin C level was lowest in heavy smokers, highest in non-smokers and mild smokers had an intermediate level. The difference was highly significant ( P = 0.0005). Non-smokers had a significantly lower serum Zn concentration than either mild or heavy smokers (P = 0.01).
But the difference between mild and heavy smokers was not significant. No significant difference was observed in serum Cu level between mild and heavy smokers (P = 0.06). Linear-regression analysis was performed on dietary vitamin C intake and plasma vitamin C level of both smokers and non-smokers. A significant positive correlation between dietary intake and plasma vitamin C value was observed in the non-smokers (r0.50; P = 0.0005), but no such relationship was found in the smokers (Fig. 1) .
DISCUSSION
The present study was carried out to investigate the relationship between smoking and antioxidant nutrient intake and status. Several personal factors such as age, sex, BMI, socio-economic status, medication and vitamin supplementation are known to influence plasma antioxidant nutrient levels (Friedman et al. 1986; Comstock et al. 1987; Nierenberg et al. 1989; Bolton-Smith et al. 1991; Ahmed et al. 1992) . Effects of these various potentially confounding factors were minimal in our subjects as they were all young males, had similar age, body weight, BMI, blood pressure and socio-economic background. Several reports in Western countries have indicated a relationship between cigarette smoking and a change in dietary pattern and nutrient intake (Whichelow, 1989; Gregory et al. 1990; Larkin et al. 1990; Whichelow & Erzinglioglu, 1990 ; Bolton-Smith et al. Cade & Margetts, 1991) . Unlike in Western countries, there is a limited choice of food items in a country like Bangladesh and the choice is even more limited in the mess rooms or canteens of the University Halls of Residence.
Although there was no significant difference between smokers and non-smokers in their consumption of various selected food items with the exception of tea, it was apparent that a relatively higher percentage of smokers took eggs more frequently and fish less frequently (values not shown). A similar dietary pattern for smokers has been reported by other investigators (Larkin et al. 1990; Suber et al. 1990) . In contrast to the findings in Western countries, there was no difference in the frequency of meat intake. A large proportion of both the smokers and non-smokers did not consume vegetables. Among those who consumed leafy vegetables there was little difference in the frequency of intake, in contrast to the findings of previous workers (Larkin et al. 1990; Suber et al. 1990 ). In the present study a greater number of non-smokers consumed seasonal fruits, such as guava, mango, pineapple and jackfruit (Artocarpus heterophylla), while smokers ate bananas more frequently (values not shown). Near the University Halls of Residence, bananas are usually sold at small tea stalls where cigarettes are also available, which may be a reason for a higher intake by the smokers. The mean consumption of fruit by the two groups was not significantly different. On the other hand, Western investigators observed a lower intake of fruit by smokers (Whichelow, 1989; Larkin et al. 1990; Whichelow & Erzinglioglu, 1990) . The disagreement may be due to the higher intake of bananas by smokers. A number of studies have reported a higher consumption of beverages by smokers (Whichelow et al. 1988; Larkin et al. 1990; Whichelow & Erzinglioglu, 1990) , as was found in our study. The present study, thus, indicates a tendency towards a different dietary pattern in smokers, even within a limited choice of food items.
To assess the energy and nutrient intake of the participants, each portion of the food items served in the canteen or the mess room of the Hall of Residence was weighed for a period of 3 consecutive days. The nutrient intake was then calculated from the nutrient values for the cooked food. Retinol intake for smokers was not significantly different from that for non-smokers, in agreement with Western studies (Gregory et al. 1990; BoltonSmith et al. 1991 ; Cade & Margetts, 1991) . We found no significant difference in carotene intake between smokers and non-smokers, similar to the finding of Stryker et al. (1988) . On the other hand, other studies have shown a significantly lower intake of dietary carotene by smokers (Bolton-Smith et al. 1991 ; Cade & Margetts, 1991) . The present study does not provide any information about vitamin E intake as no information on vitamin E content of Bangladeshi foodstuffs is available.
Serum retinol levels of smokers were not significantly different from those of nonsmokers; this is in agreement with previous findings (Davis et al. 1983; Bolton-Smith et al. 1991) . The reports on the relationship between smoking and serum vitamin E have been contradictory. Keith et al. (1980) observed no significant differences in serum a-tocopherol concentrations between smokers and non-smokers, similar to our finding. On the other hand, a significantly lower level of serum vitamin E in smokers was reported by BoltonSmith et al. (1991) .
Plasma vitamin C levels of smokers were significantly lower than those of non-smokers. This finding confirms the relationship between cigarette smoking and decreased plasma vitamin C level reported in the previous studies (Schectman et al. 1989; Bridges et al. 1990; Bolton-Smith et al. 199 1) . Further, a dose-response relationship was observed between smoking and plasma vitamin C level, similar to the finding of Schectman et al. (1989) . Plasma vitamin C levels of the smokers were 26% lower than those of the non-smokers, while their dietary intake was 16% lower. This discrepancy indicates an effect of smoking on plasma vitamin C level which may not be accounted for by the difference in dietary intake alone. Schectman et al. (1989) suggested that the effect of cigarette smoking on serum vitamin C levels might occur via a process other than decreased dietary vitamin C consumption. We also assessed the relationship between intake and the plasma vitamin C level in both smokers and non-smokers using linear-regression analysis. In non-smokers a significant positive relationship was observed between dietary intake and plasma vitamin C level. Interestingly, such a relationship was absent in the smokers. However, some caution needs to be used before drawing a generalized conclusion, as there appears to be a discontinuity of data-points in the plot for the non-smokers and consequently the relationship is dependent on six high-intake individuals.
The findings support the contention of previous investigators that smoking is related to either decreased absorption or increased turnover of vitamin C (Pelletier, 1970; Kallner et al. 1981 ). We do not know at this stage whether the absence of a relationship between dietary intake and plasma levels of vitamin C in smokers was due to malabsorption or increased turnover or a combined effect of both. This is an important point to be resolved in future studies.
We observed significantly higher serum Zn levels and lower serum Cu levels in smokers compared with non-smokers. Both of these variables, however, are affected by inflammation and are not considered to be reliable indicators of status in human populations (Sinha & Gabrieli, 1970; Beisel, 1977) .
The present study shows a depressed antioxidant nutrient status of the smokers which may be due to both their aberrant dietary habit and the increased demand placed on the antioxidants by cigarette smoke itself. The increased free-radical load incurred by smoking and lower intake of antioxidant nutrients may shift the normal free-radical-antioxidant balance in the body with initiation of a deterioration process and, thereby, increase the risk of atherosclerotic and other diseases.
